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Abstract
Background: D-Cycloserine has potential to enhance exposure therapy outcomes. 
The current study presents a preliminary randomized, placebo-controlled double-
blind pilot trial of DCS-augmented one-session treatment (OST) for youth (7–14 years) 
with specific phobia. A secondary aim of this pilot study was to explore the effects of 
youth age and within-session fear reduction as potential moderators of DCS out-
comes in order to generate hypotheses for a larger trial. It was hypothesized that 
DCS would be associated with greater improvements than placebo, that children 
(7–10 years) would have greater benefits than adolescents (11–14 years), and that 
DCS effects would be stronger for participants with the greater within-session fear 
reduction during the OST.
Methods: Thirty-five children and adolescents were randomized to either OST com-
bined with DCS (n = 17), or OST combined with placebo (PBO; n = 18) and assessed 
at 1 week, 1 month, and 3 month following treatment.
Results: There were no significant pre- to post-treatment or follow-up benefits of 
DCS relative to placebo. Secondary analyses of age indicated that relative to PBO, 

www.wileyonlinelibrary.com/journal/brb3
http://orcid.org/0000-0002-4231-2227
http://creativecommons.org/licenses/by/4.0/
mailto:l.farrell@griffith.edu.au


2 of 14  |     FARRELL et al.

1  | INTRODUC TION

Specific phobias are highly prevalent (Bener, Ghuloum, & Dafeeah, 
2011; Kessler et al., 2005; Ollendick, Hagopian, & King, 1997), onset 
early in life, and in childhood, they are associated with academic dis-
ruption (Dweck & Wortman, 1982; Ialongo, Edelsohn, Werthamer‐
Larsson, Crockett, & Kellam, 1995; Klein & Last, 1989), social and 
personal distress (Ollendick & King, 1994; Ollendick, King, & Muris, 
2002; Strauss, Lease, Kazdin, Dulcan, & Last, 1989) and interference 
in daily life (Essau, Conradt, & Petermann, 2000; Ollendick, King, 
& Muris, 2004; Ollendick et al., 1997). There is strong empirical 
support (Silverman et al., 1999; Vigerland et al., 2013) for cognitive-
behavioral treatments (CBT) involving exposure therapy, and one 
variant of CBT, the one-session treatment (OST) approach developed 
by Öst (1989), has been deemed well established for treating specific 
phobias (Davis & Ollendick, 2005). However, with as many as 50% 
of children still experiencing significant symptoms following treat-
ment (Ollendick & Davis, 2013), there remains considerable room for 
improvement. The potential of novel pharmacological agents to aug-
ment exposure-based therapies has been proposed to be one way 
to improve such outcomes (Byrne, Farrell, Storch, & Rapee, 2014).

D-Cycloserine (DCS), a partial glutamatergic N-methyl-D-
aspartate (NMDA) agonist, has been found in rodent and human 
studies to promote both the extinction of conditioned fear and the 
consolidation of learning associated with extinction training, the 
theoretical basis of exposure therapy (Davis, Ressler, Rothbaum, & 
Richardson, 2006). Thus, given that the NMDA receptor is involved 
in learning and memory processes that underlie fear extinction 
learning, augmenting OST with DCS may boost treatment effec-
tiveness. In a recent meta-analysis of DCS trials (Mataix-Cols et al., 

2017), including individual patient-level data from 21 clinical trials of 
mostly adults with anxiety disorders, DCS was found to be associ-
ated with enhanced positive outcomes from pre-exposure therapy 
to post-treatment (Cohen d = −0.25). Moreover, additional analyses 
showed that participants assigned to DCS evidenced lower symp-
tom severity than those assigned to placebo at post-treatment and 
at follow-up.

DCS has also shown to boost outcomes for some children with 
specific phobias. In the only study to date, Byrne et al. (2015) ex-
amined DCS-augmented single-session exposure therapy in 35 chil-
dren (6–14 years) with either a dog or spider phobia. They examined 
generalization of fear extinction by examining postsession fear and 
avoidance across stimuli and contexts. There were no between-
group differences when a new stimulus was presented in the treat-
ment context at post-treatment; however, when the new stimulus 
was presented in a novel context, the DCS group exhibited signifi-
cantly less fear and avoidance relative to placebo. The authors con-
cluded that children who received DCS achieved greater retention 
of fear extinction learning, and thus, this learning generalized more 
readily to novel stimuli across contexts.

1.1 | Moderators of treatment outcomes for CBT 
with DCS augmentation

While initial clinical trials of DCS offered promising effects, on a 
whole, effect sizes across studies are generally small to moderate 
and they vary, with as many trials with positive results as there are 
trials with null results. Some of this variation in study effects sizes 
may be due to heterogeneity in sampling and in study design, includ-
ing the timing of dose, and number of doses used within each trial. In 

DCS was associated with greater improvements for children (but not adolescents) on 
measures of severity at 1-month follow-up. Children in the DCS condition also showed 
significantly greater improvement to 1 month on global functioning relative to other 
groups. Conversely, adolescents had significant post-treatment benefits in the PBO 
condition on symptom severity measures relative to DCS, and adolescents in the DCS 
condition had significantly poorer functioning at 3 months relative to all other groups. 
Finally, there was a trend for within-session fear reduction to be associated with 
moderating effects of DCS, whereby greater reduction in fear was associated with 
greater functioning at one-month follow-up for children who received DCS, relative 
to PBO.
Limitations: The study sample was small and therefore conclusions are tentative and 
require replication.
Conclusions: Age and within-session fear reduction may be important moderators of 
DCS-augmented one-session exposure therapy, which requires testing in a fully pow-
ered randomized controlled trial.
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particular, clinical studies of factors enhancing fear reduction during 
exposure therapy and neuroscience research on developmental dif-
ferences in the neural basis of extinction learning suggest that age 
and within-session fear reduction may be two important modera-
tors of outcomes of DCS-augmented exposure therapy for specific 
phobias in youth.

Studies to date of DCS-augmented exposure therapy with youth 
(i.e., Byrne et al., 2015; Farrell et al., 2013; Mataix-Cols et al., 2014; 
Scheeringa & Weems, 2014; Storch et al., 2010) have often included 
a wide age range, spanning children and adolescents. DCS may have 
differential effectiveness across age due to neurocognitive matu-
ration. Animal and human studies suggest that extinction learning 
and, more specifically, extinction retention, may be impaired during 
adolescence relative to childhood (and adulthood) (McCallum, Kim, 
& Richardson, 2010) most likely due to an immature PFC control 
relative to amygdala-based reactivity (Skinner & Zimmer-Gembeck, 
2016; chapter 5). Therefore, DCS might facilitate fear extinction re-
tention by enhancing activity in the amygdala or the prefrontal cor-
tex during extinction. One fMRI study in adults with snake phobia 
found that DCS produced long-lasting changes to prefrontal activity 
(Nave, Tolin, & Stevens, 2012). Thus, DCS may be beneficial for ad-
olescents by increasing prefrontal control over amygdala-based re-
activity during exposure to feared stimuli during OST. On the other 
hand, increasing prefrontal control with DCS during childhood, prior 
to the neuro-developmentally sensitive window of adolescence, 
might produce stronger outcomes from OST. To date, there have 
been no studies of DCS augmentation of exposure therapy in youth 
which have examined differences between children and adolescents.

Within-session fear reduction is a second factor which has re-
cently been found to moderate DCS outcomes (Smits et al., 2013). 
Smits et al. (2013) re-analyzed data from a prior study for acropho-
bia in adults which failed to find a significant effect for DCS (Tart 
et al., 2013) and found that the effect of DCS on clinical improve-
ment was significantly moderated by the level of fear experienced 
just before concluding the previous exposure sessions. Patients 
receiving DCS exhibited significantly greater improvement in symp-
toms relative to patients who received placebo when fear was low 
at the end of the exposure; however, higher end of session fear was 
associated with less improvement in the following session compared 
to those who received placebo. These findings suggest that DCS 
may augment the direction of emotional learning taking place during 
exposure therapy, that is, learning associated with both reduction of 
fear and enhancement of fear. To date, no studies have examined 
the degree of fear reduction as a moderator of outcomes following 
OST in youth.

1.2 | The present study

The present study was a preliminary randomized, placebo-
controlled double-blind pilot trial of DCS-augmented OST for 
children and adolescents (7–14 years) with specific phobia, with 
follow-up at 1 week, 1 month, and 3 months following treat-
ment. The primary aim was to examine the preliminary efficacy 

of DCS-augmented OST in youth with specific phobias at post-
treatment and follow-up assessments. It was hypothesized that 
DCS would be associated with greater improvements on primary 
outcomes of diagnostic severity, symptom severity, and functional 
impairment, as well as greater improvements on secondary out-
comes of self-reported and parent-reported symptoms of anxiety 
relative to a placebo control condition.

Secondly, this study examines the potential moderating role of 
age and within-session fear reduction on DCS outcomes in explor-
atory analyses to generate hypotheses for larger, future random-
ized controlled trials. The first moderator was age, whereby the 
effects of OST with DCS were estimated for children and com-
pared to the effects for adolescents. In the absence of prior re-
search, we expected on the basis that adolescence is a window of 
neurodevelopmental vulnerability (Johnson & Casey, 2015) that 
DCS effects may be attenuated for adolescents (aged ≥11 years) 
versus children (aged <11 years). Adolescents were defined as age 
11 and above given the evidence that the majority of both boys 
and girls in Australia show physical signs of puberty by this age 
(Edwards, 2014).

Within-session fear reduction on DCS augmentation (i.e., de-
fined as percent reduction in subjective units of distress across the 
session) was used as the second moderating factor. Based on prior 
adult studies (Smits et al., 2013), we hypothesized that the therapeu-
tic effects of DCS-augmented OST would be stronger for those with 
the greatest reduction of fear during the OST, relative to others with 
lower reduction of fear.

2  | METHOD

2.1 | Participants

Children and adolescents were recruited via advertisements 
in school newsletters, referrals from health professionals, and 
media announcements. To be eligible to participate, youth were 
required to meet diagnostic criteria for a specific phobia, be aged 
between 7 and 17 years, have at least one parent willing to en-
gage in the treatment, and if taking psychotropic medication be 
stabilized on their current dose for at least 12 weeks. Exclusion 
criteria included a nonanxiety primary diagnosis, autism spectrum 
disorders, intellectual impairment, significant learning difficulties, 
organic brain injury, psychosis, active suicidality, concurrent psy-
chotherapy, taking medications contraindicated with DCS, preg-
nancy, and history of seizure or other serious medical condition.

One hundred and three families completed an initial telephone 
screen. Of those screened, 34 did not meet eligibility criteria (e.g., 
autism spectrum disorder, learning difficulties), nine families de-
clined to be involved due to concerns regarding taking medication 
or having a blood test, and 25 families did not enroll in the trial 
due to other reasons (e.g., their child was reported to be improv-
ing or unable to be recontacted; see Figure 1). Thirty-five children 
(71% male, n = 25) aged 7–14 years (M = 10.43, SD=2.11 years) 
participated in the study. Sample size was estimated based upon 
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power calculations using published effect sizes from adult studies 
(Kushner et al., 2007; Wilhelm et al., 2008). There were 18 chil-
dren aged 7–10 years (M = 8.72, SD = 0.253) and 17 adolescents 
aged 11–14 years (M = 12.24, SD = 0.30). All participants had a 
primary anxiety disorder diagnosis, with 83% (n = 29) present-
ing with a primary phobia. The sample was highly comorbid, with 
youth meeting criteria on average for 3.5 diagnoses (SD = 1.77). 
Table 1 and 2 presents participant characteristics and diagnostic 
information.

2.2 | Power and design

The sample size for this pilot trial was estimated based on power 
calculations informed by our prior study of DCS-augmented CBT 
for pediatric OCD (Farrell et al., 2013), whereby we reported sig-
nificant time X treatment condition interactions with effect sizes 
ranging from η2 = 0.18 to η2 = 0.33. It was estimated that a sample 
of n = 12 per cell with 2 groups, and 4 time points, would have 
95% power to detect an effect size of F = 0.46, and η2 = 0.18. 

F IGURE  1 Flow of participants through trial. DCS, D-Cycloserine; PBO, placebo; OST, one-session treatment

Assessed for eligibility (n=  103)

Excluded  (n= 68)
Not mee�ng inclusion criteria (n= 34)
Declined to par�cipate - medica�on

(n= 9)
Declined other reasons (n= 25)

Completed Post Assessment – (n=17)

Lost to post-treatment (n=0)

Allocated to DCS augmented OST (n= 17)
Received allocated interven�on (n= 17)

Allocated to PBO augmented OST (n= 18)
Received allocated interven�on (n= 18)

Randomized (n= 35)

Completed Post Assessment – (n=18)

Lost to post-treatment (n=0)

Completed  1-Month Follow-up (n=15)

Declined follow-up (n=2)

Completed 1-Month Follow-up (n=17)

Declined follow-up (n=1)

Completed 3-Month Follow-up (n=16)

Declined follow-up (n=1)

Completed 3-Month Follow-up (n=15)

Declined follow-up (n=3)

Time 3     1-Month Follow-Up

Time 4     3-Month Follow-Up

Time 2     Post OST

Allocation

Enrollment
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Thus, an overall n = 35 was deemed sufficient for the exploratory 
(e.g., hypothesis generating) nature of this work. Given the pilot 
nature of this study, the sample size was not estimated based on 
power analysis to detect between-group differences at study end 
points.

Children were randomly assigned, using a computer-generated 
list of randomly permuted blocks of pairs with an allocation of 1:1, 
to either DCS + OST (n = 17) or PBO + OST (n = 18). The study 

pharmacist (ET) managed the blinding. All other investigators 
were blind to treatment condition, as were assessors, therapists, 
and participants. Pills were compounded to be identical in size and 
color and were dispensed by the study pharmacist (ET), immedi-
ately prior to the OST. Immediately before the commencement of 
the OST, the therapist gave the child the pill and observed them 
ingest it. A differential dose of DCS was used (35 mg or 70 mg) de-
pendent on child weight (i.e., <45 kg = 35 mg, and >46 kg = 70 mg) 

TABLE  1 Participant characteristics by treatment condition and completer status

Overall Sample 
N = 35

DCS + OST 
N = 17

PBO + OST 
N = 18

Completer 
N = 29

Noncompleter 
N = 6

Age—Mean (SD) 10.43 (2.11) 10.00 (2.10) 10.83 (2.09) 10.62 (1.86) 9.50 (3.14)

Gender—% Male (n) 71 (25) 76 (13) 67 (12) 72 (21) 67 (4)

Ethnicity—% Caucasian (n) 100 (35) 100 (17) 100 (18) 100 (29) 100 (6)

Marital Status —% Married (n) 88.5 (31) 94 (16) 72 (13) 83 (24) 83 (5)

Household Income—% 

 Above 80,000 (n) 48.5 (17) 56 (10) 44 (8) 45 (13) 83 (5)

Psychotropic medication % (n) 
(i.e., clonidine and 
fluvoxamine)

5.7 (2) 0 (0) 5.7 (2) 5.7 (2) 0 (0)

Mean (SD) CSR Phobia (1–8) 6.31 (0.79) 6.18 (0.73) 6.44 (0.86) 6.34 (0.81) 6.17 (0.75)

Mean (SD) CGI-S (1–7) 5.60 (0.69) 5.35 (0.61) 5.83 (0.71) 5.66 (0.72) 5.33 (0.52)

Mean (SD) CGAS (0–100) 57.43 (6.9) 56.39 (7.8) 58.53 (5.8) 56.55 (6.69) 61.67 (6.83)

Primary Secondary Tertiary Fourth

Specific Phobia 83% (n = 29) 43% (n = 15) 23% (n = 8) 20% (n = 7)

Specific phobia—animal 40% (n = 14) 17.1% (n = 6) 2.9% (n = 1) 5.7% (n = 2)

Specific phobia—natural 
environment

28.5% (n = 10) 17.1% (n = 6) 5.7% (n = 2) 2.8% (n = 1)

Specific 
phobia—situational

0% (n = 0) 0% (n = 0) 0% (n = 0) 0% (n = 0)

Specific phobia—blood, 
injection, injury (BII)

1% (n = 5) 5.5% (n = 2) 8.6% (n = 3) 5.7% (n = 2)

Specific phobia—other a 11.4% (n = 4) 2.8% (n = 1) 5.7% (n = 2) 5.7% (n = 2)

Generalized anxiety 
disorder

2.8% (n = 1) 34.3% (n = 12) 20% (n = 7) 0% (n = 0)

Social phobia 2.8% (n = 1) 5.7% (n = 2) 17.1% (n = 6) 11.4% (n = 4)

Separation anxiety 
disorder

8.5% (n = 3) 2.8% (n = 1) 5.7% (n = 2) 5.7% (n = 2)

Obsessive-compulsive 
disorder

0% (n = 0) 0% (n = 0) 0% (n = 0) 5.7% (n = 2)

Major depressive 
disorder

0% (n = 0) 2.8% (n = 1) 0% (n = 0) 0% (n = 0)

Attention Deficit/
Hyperactivity

2.8% (n = 1) 5.7% (n = 2) 8.6% (n = 3) 2.8% (n = 1)

Total 100%  
(N = 35)

94%  
(N = 33)

74.3%  
(N = 26)

46%  
(N = 16)

aSpecific Phobia—other = Vomit phobia, doctor/ dentist phobia and loud noises.

TABLE  2 Pretreatment primary 
diagnosis and comorbid diagnoses
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in line with previous studies (Farrell et al., 2013). Children were 
assessed prior to OST and 1-week, 1 month, and 3 months fol-
lowing OST.

2.3 | Measures

2.3.1 | Primary outcome measures: child diagnostic 
status, severity, and functioning

Anxiety Disorders Interview Schedule for Children—Child and Parent 
version (ADIS-IV; Silverman & Albano, 1996). The ADIS-IV-C/P is a 
psychometrically robust (Silverman, Saavedra, & Pina, 2001; Wood, 
Piacentini, Bergman, McCracken, & Barrios, 2002), semi-structured 
interview, specifically developed to diagnose anxiety, mood, and 
other disorders in children aged 6–17 years. Independent blind as-
sessors were used for each assessment point. Assessors were clini-
cal psychology postgraduate research students who were trained to 
reliability to complete interviews by firstly attending a workshop on 
the administration of the ADIS-C/P, followed by observing a number 
of interviews conducted by expert assessors (n = 3 to 5 interviews), 
and then completing interviews with supervision of each interview 
by the first author (LJF). Interrater reliability was conducted across 
20% of the recorded interviews by independent raters, with results 
indicating excellent reliability (primary diagnosis κ = 0.94; secondary 
diagnosis κ = 0.88; tertiary diagnosis κ = 0.86).

Clinical Global Impressions Scale (CGI; Leon et al., 1993). The CGI 
is an extensively used, clinician-rated scale designed to assess (1) se-
verity of psychopathology (CGI-Severity; CGI-S) and (2) change fol-
lowing treatment (CGI-Improvement; CGI-I). The CGI-S is rated on 
a 7-point Likert-type scale from 1 (normal) to 7 (among the most ex-
tremely ill), whereas the CGI-I rates improvement from 1 (very much 
improved) to 7 (very much worse). The same rater who completed the 
ADIS-P completed the CGI. The CGI has been found to have sound 
psychometric properties (Leon et al., 1993).

Children’s Global Assessment Scale (CGAS, Shaffer et al., 1983). 
The Children’s Global Assessment Scale (CGAS) is well-established 
measure of youth’s overall functioning and level of impairment. It is 
clinician rated with scores ranging from 1 (needs constant supervision) 
to 100 (superior functioning).

2.3.2 | Secondary outcome measures: child 
symptoms and within-session fear reduction

Spence Children’s Anxiety Scale Child and Parent Versions (Spence, 
1998). The SCAS-C/P is a measure of anxiety symptoms in chil-
dren aged 7–18 years. It has well-established reliability and validity 
(Nauta et al., 2004; Spence, 1998). The internal consistency in the 
current study was excellent, with Cronbach’s alpha 0.91 for SCAS-P 
and 0.89 for the SCAS-C.

Subjective Units of Distress (SUDs) Ratings within OST. During the 
OST, children rated their subjective units of distress (SUDs) on a 9-
point Likert scale from 0 (not scared at all) to 8 (very, very scared). 
Ratings were obtained from at least three exposure tasks per hour 

and were taken immediately before an exposure task, intermittently 
throughout the exposure task, and at the end of the exposure task. 
An exposure task was deemed completed when the child reported 
minimal anxiety (SUDs rating of 0 or 1), or when at least a 50% re-
duction in fear had occurred. A mean percentage reduction in SUD 
ratings was calculated for the overall session.

2.4 | Procedure

2.4.1 | Pretreatment

Following approval by the university Human Subjects Review 
Committee, the trial was registered with the Australian and New 
Zealand Clinical Trials Registry (no. ACTRN12612000420842). Upon 
initial contact, parents completed a brief telephone interview to as-
sess their child’s eligibility. Eligible, consenting families completed a 
parent diagnostic interview (ADIS-IV-P) via the telephone, followed 
by assessment in the clinic. In the clinic, the child was administered 
the child diagnostic interview (ADIS-IV-C), and both children and 
their parents completed self-report measures. CGI and CGAS ratings 
are made by the independent assessors following both the parent 
and child diagnostic interviews, taking into account the child’s full 
clinical presentation. The assessors then reported the results of the 
standardized diagnostic interviews, including CSR ratings for each 
diagnosis, which were reviewed and moderated at a team diagnos-
tic consensus meeting overseen by the first author (LJF). CGI and 
CGAS ratings were also reviewed and moderated by the team to en-
sure reliable ratings. A final team consensus rating was determined 
based all the relevant diagnostic and clinical information. A consult-
ant psychiatrist (VG, NC, HM) reviewed children’s laboratory tests 
(e.g., complete blood count, metabolic panel, and pregnancy) and 
provided a prescription for study medication (i.e., DCS). Children 
then proceeded to treatment.

2.4.2 | One-session treatment

Participants completed an OST session for their primary phobia di-
agnosis. The treatment was manualized (Öst & Ollendick, 2001), was 
3 hr in duration, and involved exposure therapy along with cogni-
tive challenges, participant modeling, contingency management, 
and psychoeducation (see Davis, Ollendick, Reuther, & Muson, 2012 
for a detailed description). The treatment was modified from the 
original manual in two minor ways: Parents were actively involved 
in the treatment (see below), and a maintenance program following 
the OST was incorporated which consisted of brief phone calls for 
three weeks following treatment to monitor progress and encourage 
ongoing exposure practice. Participants completed a range of expo-
sure tasks during OST, with at least three phobic objects or stimuli 
introduced over the course of the session (e.g., small, medium, and 
large dog). All children completed their OST. At the commencement 
of the session, parents were provided with psychoeducation hand-
outs, covering phobias, the principles of exposure therapy, and con-
tingency management strategies. Parents were invited to participate 
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in the last half hour of the OST where they reviewed the child’s pro-
gress, asked any questions and discussed the importance of contin-
ued practice. Collaboratively, the therapist and family decided upon 
home exposure practice. Parents received brief telephone calls 
once per week for 4 weeks to review progress. The OST was con-
ducted by clinically trained therapists (postgraduate students), who 
attended an intensive 2-day workshop regarding OST, delivered by 
the last author (THO). Following training, all therapists observed an 
OST session with an expert therapist in OST prior to conducting a 
session. All OST sessions were planned and supervised by the first 
author (LJF) to ensure standardization in the delivery of treatment.

2.5 | Data analysis

Baseline differences across treatment conditions (DCS versus PBO) 
and completer status (completer versus noncompleter) were ana-
lyzed using independent t tests for continuous variables and chi-
square tests for categorical variables.

Linear mixed-effects models were used in order to examine 
the overall treatment effects for primary outcome measures (CSR, 
CGI-S, CGAS), with one model fitted for each outcome. Time of 
assessment (four levels: 1 = pretreatment, 2 =   post-treatment, 
3 = 1-month follow-up, 4 = 3-month follow-up) was the within-
subject effect, and treatment condition (DCS vs. PBO) was the 
between-subject effect. A quadratic pattern of change (time2) was 
also tested in each model.

We used similar linear mixed-effects models to test whether 
age moderated treatment effects on the primary outcome mea-
sures. Age groups were defined as children aged 7–10 years ver-
sus adolescents aged from 11 to 14 years. Two 2-way interactions 
and one 3-way interaction were entered into the models to test 
moderation (i.e., age x condition, age x time, and age x condition 
x time).

In these linear mixed-effects models, we used the Monte Carlo 
Markov chain (MCMC) scheme to estimate model parameters. We 
used the library MCMCglmm in R (R Core Team, 2014) to do this 

TABLE  3 Modeled means and 95% lower and upper credible intervals (LCI, UCI) for treatment condition, over time, and across age groups

Variable

DCS Mean (LCI, UCI) PBO Mean (LCI, UCI)

Overall Child Adolescent Overall Child Adolescent

CSR 

 Pre 6.18 (5.58, 6.76) 6.09 (5.37, 7.23) 6.34 (5.31, 7.34) 6.44 (5.90, 7.00) 6.14 (5.58, 7.23) 6.46 (5.31, 7.34)

 Post 3.65 (2.87, 4.41) 3.18 (2.22, 4.11) 4.50 (3.20, 5.77) 3.17 (2.45, 3.89) 3.89 (2.81, 4.99) 2.72 (1.77, 3.67)

 1 month 2.30 (1.36, 3.25) 1.96 (0.80, 3.09) 2.92 (1.28, 4.53) 3.06 (2.21, 3.92) 3.97 (2.63, 5.33) 2.53 (1.43, 3.66)

 3 months 2.72 (1.65, 3.77) 2.47 (1.14, 3.80) 3.16 (1.38, 4.90) 2.61 (1.63, 3.58) 2.81 (1.30, 4.40) 2.45 (1.13, 3.78)

CGI

 Pre 5.35 (4.90, 5.83) 5.19 (4.60, 5.76) 5.67 (4.88, 6.45) 5.83 (5.41, 6.24) 5.84 (5.22, 6.48) 5.82 (5.25, 6.40)

 Post 2.95 (2.40, 3.50) 2.64 (1.95, 3.33) 3.49 (2.55, 4.44) 2.45 (1.92, 2.98) 2.74 (1.94, 3.53) 2.28 (1.58, 2.99)

 1 month 2.01 (1.33, 2.67) 1.63 (0.80, 2.46) 2.72 (1.55, 3.89) 2.46 (1.85, 3.07) 3.29 (2.29, 4.24) 2.00 (1.18, 2.79)

 3 months 2.36 (1.60, 3.09) 2.01 (1.06, 2.94) 3.00 (1.73, 4.26) 2.06 (1.34, 2.77) 2.16 (1.04, 3.31) 1.99 (1.04, 2.93)

CGAS

 Pre 58.51  
(55.11, 61.92)

58.64  
(54.40, 62.94)

58.33  
(52.48, 64.28)

56.43  
(53.33, 59.60)

59.43  
(54.67, 64.20)

54.53  
(50.24, 58.85)

 Post 69.15  
(64.85, 73.35)

71.39  
(66.27, 76.66)

65.01  
(57.82, 71.97)

69.06  
(65.06, 73.07)

65.44  
(59.37, 71.46)

71.41  
(66.28, 76.65)

 1 month 73.93  
(68.80, 79.00)

76.15  
(70.27, 82.07)

70.00  
(61.71, 78.28)

72.10  
(67.46, 76.79)

69.36  
(62.41, 76.32)

73.67  
(67.82, 79.48)

 3 months 71.06  
(65.58, 76.60)

77.44  
(71.05, 83.86)

59.99  
(51.56, 68.41)

75.17  
(70.07, 80.43)

72.73  
(64.94, 80.58)

76.55  
(70.09, 83.13)

SCAS-P

 Pre 32.25  
(26.80, 37.63)

34.29  
(27.73–40.68)

28.77  
(19.07–38.40)

29.29  
(23.58, 35.15)

32.42  
(23.22–41.58)

28.04  
(20.10–36.12)

 Post 25.76  
(20.92, 30.56)

26.00  
(20.78–31.44)

24.49  
(16.94–31.84)

24.28  
(19.20, 29.40)

30.74  
(22.89–38.40)

20.76  
(14.91–26.87)

 1 month 19.28  
(14.08, 24.60)

17.71  
(12.04–23.69)

20.20  
(12.50–27.62)

19.28  
(13.18, 25.34)

29.05  
(19.71–38.06)

13.48  
(6.39–20.78)

3 months 12.79  
(6.12, 19.52)

9.42  
(1.81–17.3)

15.92  
(6.00–25.47)

14.27  
(6.00, 22.21)

27.37  
(14.83–39.84)

6.20  
(−4.35–16.68)

Mean values are significant when the credible interval does not contain 0.
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estimation. Posterior estimates are based on 100,000 iterations 
completed after a 50,000 iteration burn-in and thinned at a rate 
of 10. Vague conjugate priors were used for the coefficients and 
variance. Output from the MCMC analyses was used to calculate 
p-values for treatment and other grouping comparisons for all mod-
els. These were calculated as the posterior probability of a specific 
effect being greater or less than another effect. In this article, we 
refer to a significant effect as one where there is a less than 5% 
chance that the posterior probability for the coefficient (i.e., ef-
fect size) included zero. Thus, for all Bayesian analyses, results are 
described as “significant” at Bayesian p-value <0.05 (p-values are 
not reported in text in line with standard reporting for these anal-
yses and to ease interpretation of the analyses, except where the 
Bayesian p-values were marginally significant and >0.05). Posterior 
distributions are described by their mean, and credible intervals are 
given in brackets. In the case of descriptive statistics using t tests 
and chi-square analyses, we report the actual frequentist p-value (in 
line with standard reporting for these statistics). Finally, the effect 
of age group, treatment, and overall within-session mean SUDs re-
duction on CGAS was tested using a Bayesian linear regression with 
noninformative priors.

3  | RESULTS

3.1 | Baseline group differences

Children in the two treatment conditions (intent-to-treat sample) 
did not differ on any demographic data (see Table 1), on primary 
outcome measures, or on self-reported anxiety at baseline. There 
was no age by treatment condition differences at baseline on any 
of the primary or secondary outcome measures. Children who 
completed follow-up assessments (n = 29) did not differ from 
those who did not (n = 6) across demographic or symptom meas-
ures at baseline or at post-treatment.

3.2 | Treatment effects—primary outcome measures

Table 3 presents the modeled means (and their lower and upper 
credible intervals) for each treatment condition for CSR, CGI-S, and 

CGAS. Overall, there was no significant effect of treatment condi-
tion on CSR, CGI-S, or CGAS, nor was there a treatment condition 
x time interaction on any of these measures for the overall sample. 
As such, treatment condition was removed from each model and 
the data were re-analyzed with only the effect of time. In each of 
these models, symptoms declined over time. CSR decreased signifi-
cantly from 6.24 (5.68–6.80) at pretreatment to 3.61 (3.05–4.18) at 
post-treatment. At 1 month, CSR had decreased to 2.45 (1.70–3.19). 
At 3 months post-treatment, the estimate was 2.45 (1.69–3.77). 
Similarly, CGI-S and CGAS scores significantly declined over time.

3.3 | Treatment effects by age—primary 
outcome measures

3.3.1 | CSR

When age was examined as a moderator of treatment group ef-
fects on CSR, there were significant differences between treatment 
conditions. Both children and adolescents declined in CSR across 
conditions from pre-  to post-treatment. Further, both children 
and adolescents in the DCS condition had a significant decline in 
CSR from post-treatment to 1 month relative to those in PBO (see 
Figure 2). Children in the PBO condition were the only group who 
had a significant decline in CSR from 1-month to 3-month follow-
up. When groups were compared at post-treatment, adolescents 
in the DCS condition had a significantly higher average CSR than 
adolescents in PBO, but children in DCS and PBO groups did not 
differ. At 1-month follow-up, children in the DCS condition were 
significantly lower in CSR relative to children in the PBO condition, 
but adolescents in both DCS and PBO did not differ. At 3-month 
follow-up, there were no significant between-group differences on 
CSR ratings.

3.3.2 | CGI-S

When age was examined as a moderator of treatment effects on 
CGI-S, children and adolescents in both the DCS and PBO groups 
had a significant decrease from pretreatment to post-treatment. 
Children in the DCS condition had a further significant decline from 

F IGURE  2 Effects of treatment 
condition over time, and across children 
versus adolescent on CSR. x  =  Significant 
effect over time from previous assessment; 
all other symbols represent between- 
group differences (conditions with 
same symbol) within each time point. 
CSR = Clinician severity ratings of treated 
phobia diagnosisPre 1 Week 1 Month 3 Month
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post-treatment to 1 month, and adolescents in the DCS condition 
had a marginal decline. Finally, children in the PBO condition de-
clined significantly from 1-month to 3-month follow-up.

When treatment groups were compared at post-treatment 
within each age group, adolescents receiving DCS were signifi-
cantly higher on CGI ratings than adolescents in the PBO condi-
tion, whereas children in the DCS and PBO conditions did not differ. 
When treatment groups were compared at 1-month follow-up by 
age group, children in the DCS condition were significantly lower 
on CGI-severity relative to children in the PBO condition; however, 
for adolescents, DCS and PBO did not differ. At 3 months following 
treatment, there were no significant between-group differences on 
CGI ratings.

3.3.3 | CGAS

When age was examined as a moderator, children and adolescents 
in both the DCS and PBO groups showed significant improvements 
from pretreatment to post-treatment (see Figure 3). Children in the 
DCS condition had a further significant improvement from post-
treatment to 1 month. Adolescents in the DCS condition had a fur-
ther significant improvement from 1-month to 3-month follow-up.

At post-treatment and 1-month follow-up, there were no sig-
nificant differences in CGAS scores between treatment conditions 
for children or adolescents. However, at 3-month follow-up, adoles-
cents in the DCS condition had significantly lower CGAS scores than 
adolescents in the PBO condition, children in the DCS condition, and 
children in PBO (see Figure 3).

3.4 | Treatment effects—secondary self-reported 
outcome measures

3.4.1 | SCAS-C

There was no significant effect of treatment condition or age 
group for self-reported anxiety symptoms. There was also no sig-
nificant interaction of treatment condition or age group with time. 
However, there was a significant decrease in SCAS-C reports from 
pretreatment 30.9 (26.2–35.5) to post-treatment 24.5 (20.3–28.6). 
Also, there was a further significant decline from post-treatment 
to 1-month follow-up to 18.0 (13.6–22.7). There was no signifi-
cant change from 1-month to 3-month follow-up of 11.6 (6.1–17.3), 
which may be due to the reduced numbers resulting in increased 
variability.

3.4.2 | SCAS-P

Parent-reported anxiety significantly declined from pretreatment to 
post-treatment in all groups, with the exception of children in the 
PBO condition (see Figure 4). Children in the DCS condition had a 
further significant decline from post-treatment to 1-month, and 1-
month to 3-month follow-up. Adolescents in both the DCS and PBO 
conditions declined significantly from post-treatment to 1-month, 
and from 1-month to 3-month follow-up.

SCAS-P scores also differed between treatment conditions for 
children. At 1-month follow-up (see Figure 4), children in the DCS 
condition had significantly lower SCAS-P scores than children in the 

F IGURE  3 Effects of treatment 
condition over time, and across children 
versus adolescent on Clinical Global 
Assessment Scale. x = Significant effect 
over time from previous assessment; all 
other symbols represent between-group 
differences (conditions with same symbol) 
within each time point. CGAS = Clinical 
Global Assessment Scale; Child PBO, 
Child DCS Pre 1 Week 1 Month 3 Month
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F IGURE  4 Effects of treatment 
condition over time, and across children 
versus adolescent on SCAS-P ratings. 
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PBO condition. At 3-month follow-up, children in the DCS condition 
also had significantly lower SCAS-P scores than children in the PBO 
condition. No difference between DCS and PBO at 1-month and 3-
month follow-up for adolescents was observed.

3.5 | Effects of within-session fear reduction

In order to examine the moderating effects of within-session SUDs 
reduction on treatment effects across time and group, a Bayesian 
linear regression model was estimated to predict CGAS ratings 
at 1-month follow-up. The results of the analysis were consistent 
with our hypotheses, but all associations were marginal. When 

within-session SUDs reduction was higher (i.e., greater SUDs de-
cline), children in the DCS condition were functioning better (had a 
significantly higher CGAS) at 1-month follow-up, relative to children 
in the PBO condition (p = .07; see Figure 5, Table 4). The opposite 
was found for adolescents; adolescents in the DCS condition with 
a higher reduction in SUDs were functioning worse at 1-month fol-
low-up, relative to adolescents in the PBO condition (p = .07).

3.6 | Diagnostic status across time

Table 5 presents the diagnostic data for participants across time and 
treatment condition, including for the completer sample, as well as the 

F IGURE  5 Effects of within-session 
SUDs reduction on treatment condition 
for children versus adolescents, in 
predicting CGAS ratings at 1-month 
follow-up. CGAS, Clinical Global 
Assessment ScaleTotal SUDS Reduction
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Treatment condition and age 
group

Intercept Mean (lower and upper 
CI)

Slope Mean (lower 
and upper CI)

Placebo Child 80.04 (64.21–95.76) −0.39 (−0.77 to 0.01)

DCS Child 59.51 (39.81–79.05) 0.23 (−0.09 to 0.55)

Placebo Adolescent 59.09 (41.56–76.51) 0.21 (−0.07 to 0.49)

DCS Adolescent 76.21 (49.25–103.12) −0.08 (−0.57 to 0.41)

Mean values are significant when the credible interval does not contain 0.

TABLE  4 Coefficients and credible 
intervals (CI) for within-session SUDs in 
predicting CGAS ratings over time as a 
function of treatment condition and age 
group (child or adolescent)

TABLE  5 Diagnostic status across treatment conditions and time for completer sample and intent-to-treat sample

Pretreatment Post-Treatment (1 week) 1 Month Follow-Up 3-Month Follow-Up

DCS PBO t test DCS PBO Chi-square / t test DCS PBO Chi-square / t test  DCS PBO Chi-square / t test

Completer

 % (n) Phobia 
Diagnosis Free

– – 29 (4) 61 (11) χ2 (1)  = 3.54, p = .06 73 (11) 59 (10) χ2 (1)  = 0.744, p = .31 50 (8) 73 (11) χ2 (1)  = 1.77, p = .17

 % (n) Free of all 
diagnoses

– – 18 (3) 27 (5) χ2 (1)  = 0.008, p = .62 35 (6) 39 (7) χ2 (1)  = 0.005, p = .62 24 (4) 39 (7)  χ2 (1)  = 0.008, p = .31

 Mean No. of 
Diagnoses (SD)

3.88 (1.73) 3.33 (1.82) t(33)  = −0.92, p = .37 1.58 (1.06) 1.66 (1.68) t (33)  = 0.16, p = .87 0.80 (0.86) 1.06 (1.19) t (30)  = 0.69, p = .49 1.4 (1.15) 1.33 (1.55) t (29)  = −0.62, p = 0.54

Intent-to-treat

 % (n) Phobia 
Diagnosis Free

– – 29 (5) 61 (11) χ2 (1)  = 3.54, p = .06 65 (11) 61 (11) χ2 (1)  = 0.048, p = .55 53 (9) 78 (14) χ2 (1)  = 2.39, p = .12

 % (n) Free of all 
diagnoses

– – 18 (3) 28 (5) χ2 (1)  = 0.008, p = .62 35 (6) 39 (7) χ2 (1)  = 0.048, p = .55 24 (3) 44 (9) χ2 (1)  = 4.70, p = .09

 Mean No. of 
Diagnoses (SD)

3.88 (1.73) 3.33 (1.82) t(33)  = −0.92, p = .37 1.58 (1.06) 1.66 (1.68) t (33)  = 0.16, p = .87 0.88 (0.85) 1.16 (1.29) t (33)  = 0.76, p = .45 1.70 (1.53) 0.94 (1.10) t (33)  = −1.69, p = .10
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intent-to-treat sample (last observation carried forward). There were 
no significant differences across DCS or PBO conditions on percent of 
participants free from their treated phobia diagnosis at any time point, 
or on the percentage of children free from any diagnosis at each time 
point. Likewise, there were no significant differences between treat-
ment conditions at each time point on the overall number of diagnoses.

4  | DISCUSSION

The primary aim of the current pilot study was to examine the aug-
menting effects of DCS on phobia severity following an intensive 
OST for youth. A secondary hypothesis generating aim was to ex-
plore both patient-level and therapy-level variables which may be 
associated with moderating the effects of DCS augmentation, spe-
cifically, the effects of age and within-session fear reduction.

Contrary to hypotheses, when examining the overall sample, 
there were no significant augmenting effects of DCS on OST on 
any of the primary or secondary outcome variables. This finding is 
in line with other studies that found no overall benefits of DCS on 
outcomes among youth, including those with mixed anxiety disor-
ders (Rapee et al., 2016), as well as PTSD (Scheeringa & Weems, 
2014) and OCD (Mataix-Cols et al., 2014). When examining second-
ary analyses of the effects of DCS on age over time, the findings 
provide initial support for positive DCS augmenting effects among 
children across outcome measures (CSR, CGI-S, SCAS-P) at 1-month 
follow-up, relative to children in the PBO condition. Further, chil-
dren in the DCS condition showed significantly greater improve-
ment from post-treatment to 1 month following treatment on CGAS 
ratings. For adolescents however, there were significant benefits in 
the PBO condition relative to DCS at post-treatment (CSR, CGI-S), 
and moreover, youth in the DCS condition experienced significantly 
poorer global functioning at 3-month follow-up, relative to all other 
treatment conditions.

These results offer preliminary data that age may moderate re-
sponse to DCS-augmented exposure therapy for young people with 
specific phobias. Findings from basic science suggest that adoles-
cence is a period marked by impaired extinction learning relative 
to younger and older developmental stages (McCallum et al., 2010; 
Kim & Richardson, 2010) due to developmental differences in neural 
mechanisms underlying extinction during adolescence (see Baker & 
Richardson, 2015). However, our results do not suggest impairment 
in extinction learning among adolescents, with those in the PBO 
condition doing as well as children who received DCS, and signifi-
cantly better than children in the PBO condition. Indeed, human re-
search has generally shown that age is not a significant predictor of 
outcome from exposure therapy for child anxiety disorders generally 
(see Kendall & Peterman, 2015), or for child phobias more specif-
ically (Ollendick & Davis, 2013). However, those adolescents who 
received DCS exhibited a significantly poorer response relative to 
adolescents in PBO. One explanation is that activation of NMDA in 
the amygdala via DCS interferes with neural activation associated 
with extinction learning during adolescence. Replication of the pres-
ent findings in larger samples is required before firm conclusions can 
be drawn, and further research on underlying developmental differ-
ences is warranted.

Children on the other hand demonstrated improved outcomes 
in the DCS condition at 1 month following OST relative to the 
PBO condition on numerous outcomes and relative to youth in the 
DCS condition. This finding is consistent with our previous trial for 
difficult-to-treat pediatric OCD (Farrell et al., 2013), whereby DCS 
was associated with greater improvement from post-treatment to 1-
month follow-up relative to the PBO condition. Similarly, this study 
demonstrated augmenting effects appear to be associated with ac-
celerated gains immediately following treatments and up to 1 month 
following treatment; however, by 3-month follow-up there were few 
differences between treatment conditions. This finding is consistent 
with the wider literature on DCS augmentation, which suggests that 

TABLE  5 Diagnostic status across treatment conditions and time for completer sample and intent-to-treat sample

Pretreatment Post-Treatment (1 week) 1 Month Follow-Up 3-Month Follow-Up

DCS PBO t test DCS PBO Chi-square / t test DCS PBO Chi-square / t test  DCS PBO Chi-square / t test

Completer

 % (n) Phobia 
Diagnosis Free

– – 29 (4) 61 (11) χ2 (1)  = 3.54, p = .06 73 (11) 59 (10) χ2 (1)  = 0.744, p = .31 50 (8) 73 (11) χ2 (1)  = 1.77, p = .17

 % (n) Free of all 
diagnoses

– – 18 (3) 27 (5) χ2 (1)  = 0.008, p = .62 35 (6) 39 (7) χ2 (1)  = 0.005, p = .62 24 (4) 39 (7)  χ2 (1)  = 0.008, p = .31

 Mean No. of 
Diagnoses (SD)

3.88 (1.73) 3.33 (1.82) t(33)  = −0.92, p = .37 1.58 (1.06) 1.66 (1.68) t (33)  = 0.16, p = .87 0.80 (0.86) 1.06 (1.19) t (30)  = 0.69, p = .49 1.4 (1.15) 1.33 (1.55) t (29)  = −0.62, p = 0.54

Intent-to-treat

 % (n) Phobia 
Diagnosis Free

– – 29 (5) 61 (11) χ2 (1)  = 3.54, p = .06 65 (11) 61 (11) χ2 (1)  = 0.048, p = .55 53 (9) 78 (14) χ2 (1)  = 2.39, p = .12

 % (n) Free of all 
diagnoses

– – 18 (3) 28 (5) χ2 (1)  = 0.008, p = .62 35 (6) 39 (7) χ2 (1)  = 0.048, p = .55 24 (3) 44 (9) χ2 (1)  = 4.70, p = .09

 Mean No. of 
Diagnoses (SD)

3.88 (1.73) 3.33 (1.82) t(33)  = −0.92, p = .37 1.58 (1.06) 1.66 (1.68) t (33)  = 0.16, p = .87 0.88 (0.85) 1.16 (1.29) t (33)  = 0.76, p = .45 1.70 (1.53) 0.94 (1.10) t (33)  = −1.69, p = .10
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DCS effects are time-limited. One possibility for future research is 
to explore the outcome of targeted dosing of exposure and DCS at 
1 month following treatment, in order to further leverage DCS ef-
fects, and perhaps provide longer-term benefits for patients.

Our findings also provide preliminary support for recent re-
search (i.e., Smits et al., 2013) suggesting that the quality of expo-
sure experiences likely moderates the augmenting effects of DCS. 
For example, if DCS enhances learning during exposure, then it po-
tentially enhances both good and suboptimal learning. Our findings 
are consistent with Smits et al. (2013), whereby DCS augmentation 
was marginally associated with improved functioning at 1-month 
follow-up for children who experienced a greater reduction of fear 
(SUDs) during the OST session. For children with less reduction in 
fear during OST, their functioning was worse in the DCS condition 
relative to the PBO. This finding may be of high clinical relevance if 
replicated in a larger sample. If DCS is associated with augmenting 
successful exposure, but attenuates poor exposure outcomes, then 
postsession tailored dosing of DCS following successful exposure 
therapy may be an optimal model for clinical practice. To date, there 
are no controlled trials of the effects of differential timing of dosing 
of DCS (pre-  versus postsession dosing), nor controlled trials spe-
cifically examining a tailored dosing paradigm—research that would 
further inform practical guidelines for DCS augmentation.

In addition to a small sample size, this study has other limita-
tions. Firstly, the age range in the current study was narrower than 
we anticipated. While inclusion was defined as 7–17 years, recruit-
ment, however, only resulted in a sample that extended to 14 years 
of age. Thus, further research should address age as a moderator of 
response to DCS-augmented OST using a broader age range. While 
this study employed rigorous, gold standard assessments, including 
blinded independent raters, we were not successful in maintaining 
a high rate of questionnaire completion at follow-up due to families 
being required to return measures by mail, and we did not complete 
independent reliability for the CGI and CGAS. Our approach to man-
aging this shortcoming, in addition to our small sample size, was to 
use robust analytical approaches that are particularly well suited to 
these issues (i.e., Bayesian modeling). Nevertheless, the findings re-
ported here are preliminary and are limited by the small sample and 
multiple analyses conducted to explore study hypotheses effects. 
Finally, other possible confounds in the current study which may ac-
count for the null findings are the possibility of limited measurement 
sensitivity and, moreover, the degree to which children engaged 
in out of session exposure therapy. Larger trials that measure be-
tween session exposure practice, and control for this in analyses are 
warranted.

DCS augmentation presents a novel and interesting approach 
to improving exposure therapy outcomes in the treatment of anxi-
ety disorders. This study found no overall benefit for DCS augmen-
tation of exposure therapy for phobias among youth; however, it 
highlights the importance of further research aimed at identifying 
the precise patient-level and therapy-level characteristics which 
may moderate DCS augmenting effects. This pilot study provides 
preliminary evidence that child age and within-session SUDs 

reduction may moderate DCS augmentation—a hypothesis which 
requires empirical testing in an adequately powered randomized 
controlled trial.

ACKNOWLEDG MENTS

This research was funded by Griffith University, in partnership with 
the Menzies Health Institute of QLD, Areas of Strategic Investment 
Funding. Thank you also to Professor Brent Small (University of 
South Florida) for his preliminary statistical advice regarding this 
paper.

CONFLIC TS OF INTERE S T

None.

ORCID

Lara J. Farrell   http://orcid.org/0000-0002-4231-2227 

R E FE R E N C E S

Baker, K. D., & Richardson, R. (2015). Forming competing fear learning 
and extinction memories in adolescence makes fear difficult to in-
hibit. Learning & Memory, 22, 537–543. https://doi.org/10.1101/
lm.039487.114

Bener, A., Ghuloum, S., & Dafeeah, E. E. (2011). Prevalence of common 
phobias and their socio-demographic correlates in children and 
adolescents in a traditional developing society. African Journal of 
Psychiatry, 14, 140–145.

Byrne, S. P., Farrell, L. J., Storch, E., & Rapee, R. M. (2014). D-cycloserine 
augmented treatment of anxiety disorders in children and adoles-
cents: a review of preliminary research. Psychopathology Review, 1(1), 
157–168. https://doi.org/10.5127/pr.033013

Byrne, S. P., Rapee, R. M., Richardson, R., Malhi, G. S., Jones, M., & 
Hudson, J. L. (2015). D-cycloserine enhances generalization of 
fear extinction in children. Depress Anxiety, 32, 408–414. https:// 
doi.org/10.1002/da.22356

Davis, T. E. III, & Ollendick, T. H. (2005). Empirically supported treat-
ments for specific phobia in children: do efficacious treatments 
address the components of a phobic response? Clinical Psychology: 
Science and Practice., 12, 144–160.

Davis, T. E. III, Ollendick, T. H., Reuther, E. T., & Muson, M. S. (2012). One-
session treatment: Principles and procedures with children and ado-
lescents. In T. E. Davis III, T. H. Ollendick, & L. G. Öst (Eds.), Intensive 
one-session treatment of specific phobias (pp. 19–42). New York, NY: 
Springer. https://doi.org/10.1007/978-1-4614-3253-1

Davis, M., Ressler, K. J., Rothbaum, B. O., & Richardson, R. (2006). Effects 
of D-cycloserine on extinction: translation from preclinical to clinical 
work. Biological Psychiatry, 60, 369–375. https://doi.org/10.1016/ 
j.biopsych.2006.03.084

Dweck, C. S., & Wortman, C. B. (1982). Learned helplessness, anxiety, 
and achievement motivation: Neglected parallels in cognitive, affec-
tive, and coping responses. Series in Clinical & Community Psychology 
Achievement, Stress, & Anxiety, 93–125.

Edwards, B. (2014). Growing up in Australia: The longitudinal study of 
Australian children: Entering adolescence and becoming a young 
adult. Family Matters, 5, 5.

Essau, C. A., Conradt, J., & Petermann, F. (2000). Frequency, co-
morbidity, and psychosocial impairment of specific phobia in 

http://orcid.org/0000-0002-4231-2227
http://orcid.org/0000-0002-4231-2227
https://doi.org/10.1101/lm.039487.114
https://doi.org/10.1101/lm.039487.114
https://doi.org/10.5127/pr.033013
https://doi.org/10.1002/da.22356
https://doi.org/10.1002/da.22356
https://doi.org/10.1007/978-1-4614-3253-1
https://doi.org/10.1016/j.biopsych.2006.03.084
https://doi.org/10.1016/j.biopsych.2006.03.084


     |  13 of 14FARRELL et al.

adolescents. Journal of Clinical Child Psychology, 29, 221–231. https://
doi.org/10.1207/S15374424jccp2902_8

Farrell, L. J., Waters, A. M., Boschen, M. J., Hattingh, L., McConnell, 
H., Milliner, E. L., … Testa, C. (2013). Difficult to treat pediatric 
obsessive compulsive disorder: feasibility and preliminary results 
of a randomized Pilot Trial of D-cycloserine augmented behaviour 
therapy. Depress Anxiety, 30, 723–731. https://doi.org/10.1002/
da.22132

Ialongo, N., Edelsohn, G., Werthamer‐Larsson, L., Crockett, L., & Kellam, 
S. (1995). The significance of self-reported anxious symptoms in 
first grade children: Prediction to anxious symptoms and adaptive 
functioning in fifth grade. Journal of Child Psychology and Psychiatry, 
36, 427–437. https://doi.org/10.1111/j.1469-7610.1995.tb01300.x

Johnson, D. C., & Casey, B. J. (2015). Extinction during memory recon-
solidation blocks recovery of fear in adolescents. Scientific Reports, 
5, 8863.

Kendall, P. C., & Peterman, J. S. (2015). CBT for adolescents with anxi-
ety: mature yet still developing. American Journal of Psychiatry, 172, 
519–530. https://doi.org/10.1176/appi.ajp.2015.14081061

Kessler, R. C., Berglund, P., Demler, O., Jin, R., Merikangas, K. R., & 
Walters, E. E. (2005). Lifetime prevalence and age-of-onset distribu-
tions of DSM-IV disorders in the national comorbidity survey replica-
tion. Archives of General Psychiatry, 62, 593. https://doi.org/10.1001/
archpsyc.62.6.593

Klein, R. G., & Last, C. G. (1989). Anxiety disorders in children. Developmental 
clinical psychology and psychiatry series, Vol. 20. Thousand Oaks, CA: 
Sage Publications Inc.

Kim, J. H., & Richardson, R. (2010). New Findings on Extinction of Condi
tioned Fear Early in Development: Theoretical and Clinical Implications. 
Bio Psychiatry 15, 67(4), 297–303. https://doi.org/10.1016/ 
j.biopsych.2009.09.003

Kushner, M. G., Kim, S. W., Donahue, C., Thuras, P., Adson, D., Kotlyar, 
M., … Foa, E. B. (2007). D-cycloserine augmented exposure therapy 
for obsessive-compulsive disorder. Biological Psychiatry, 62, 835–
838. https://doi.org/10.1016/j.biopsych.2006.12.020

Leon, A. C., Shear, M. K., Klerman, G. L., Portera, L., Rosenbaum, J. F., 
& Goldenberg, I. (1993). A comparison of symptom determinants 
of patient and clinician global ratings in patients with panic dis-
order and depression. Journal of Clinical Psychopharmacology, 13, 
327–331.

Mataix-Cols, D., de la Cruz, L. F., Monzani, B., Rosenfield, D., 
Andersson, E., Pérez-Vigil, A., … Farrell, L. J. (2017). D-cycloserine 
augmentation of exposure-based cognitive-behavior therapy for 
anxiety, obsessive-compulsive, and posttraumatic stress disor-
ders: Systematic review and meta-analysis of individual participant 
data. JAMA Psychiatry, 74(5), 501–510. https://doi.org/10.1001/
jamapsychiatry.2016.3955

Mataix-Cols, D., Turner, C., Monzani, B., Isomura, K., Murphy, C., 
Krebs, G., & Heyman, I. (2014). Cognitive-behavioural therapy 
with post-session D-cycloserine augmentation for paediatric 
obsessive-compulsive disorder: pilot randomised controlled trial. 
British Journal of Psychiatry, 204, 77–78. https://doi.org/10.1192/ 
bjp.bp.113.126284

McCallum, J., Kim, J. H., & Richardson, R. (2010). Impaired extinc-
tion retention in adolescent rats: effects of D-cycloserine. 
Neuropsychopharmacology, 35, 2134–2142. https://doi.org/10.1038/
npp.2010.92

Nauta, M. H., Scholing, A., Rapee, R. M., Abbott, M., Spence, S. H., & 
Waters, A. (2004). A parent-report measure of children’s anxiety: 
psychometric properties and comparison with child-report in a clinic 
and normal sample. Behavior Research and Therapy, 42, 813–839. 
https://doi.org/10.1016/S0005-7967(03)00200-6

Nave, A. M., Tolin, D. F., & Stevens, M. C. (2012). Exposure ther-
apy, D-cycloserine, and functional magnetic resonance imaging 

in patients with snake phobia: a randomized pilot study. Journal 
of Clinical Psychiatry, 73, 1179–1186. https://doi.org/10.4088/
JCP.11m07564

Ollendick, T. H., & Davis, T. E. (2013). One-session treatment for spe-
cific phobias: a review of Öst’s single-session exposure with children 
and adolescents. Cognitive Behaviour Therapy, 42, 275–283. https:// 
doi.org/10.1080/16506073.2013.773062

Ollendick, T. H., Hagopian, L. P., & King, N. J. (1997). Specific phobias 
in children. In G. C. L. Davey (Ed.), Phobias: A handbook of theory, re-
search and treatment (pp. 201–223). Chichester, UK: John Wiley & 
Sons.

Ollendick, T. H., & King, N. J. (1994). Fears and their level of interference 
in adolescents. Behavior Research and Therapy, 32, 635–638. https://
doi.org/10.1016/0005-7967(94)90018-3

Ollendick, T. H., King, N. J., & Muris, P. (2002). Fears and pho-
bias in children: Phenomenology, epidemiology, and aetiol-
ogy. Child and Adolescent Mental Health., 7, 98–106. https://doi.
org/10.1111/1475-3588.00019

Ollendick, T. H., King, N. J., & Muris, P. (2004). Phobias in children and 
adolescents. In H. S. Akiskal, J. J. Lopez-Ibor, A. Okasha, & M. Maj 
(Eds.), Phobias, (pp. 245–279). Chichester, UK: John Wiley & Sons.

Öst, L. G. (1989). One-session treatment for specific phobias. Behavior 
Research and Therapy, 27, 1–7.

Öst, LG, & Ollendick, TH (2001). Manual for One-Session Treatment 
of Specific Phobias: Unpublished Manuscript. Virginia Polytechnic 
University, Blacksburg, VA.

R Core Team (2015). R: a language and environment for statistical com-
puting. Vienna, Austria: R Foundation for Statistical Computing, 
2014.

Rapee, R. M., Jones, M. P., Hudson, J. L., Malhi, G. S., Lyneham, H. J., & 
Schneider, S. C. (2016). d-Cycloserine does not enhance the effects 
of in vivo exposure among young people with broad-based anxiety 
disorders. Behav Res Therap, 87, 225–231. https://doi.org/10.1016/ 
j.brat.2016.10.004

Scheeringa, M. S., & Weems, C. F. (2014). Randomized placebo-controlled 
D-cycloserine with cognitive behavior therapy for pediatric post-
traumatic stress. Journal of Child and Adolescent Psychopharmacology, 
24, 69–77. https://doi.org/10.1089/cap.2013.0106

Shaffer, D., Gould, M. S., Brasic, J., Ambrosini, P., Fisher, P., Bird, 
H., & Aluwahlia, S. (1983). A children’s global assessment scale 
(CGAS). Archives of General Psychiatry, 40, 1228–1231. https:// 
doi.org/10.1001/archpsyc.1983.01790100074010

Silverman, W. K., & Albano, A. M. (1996). The anxiety disorders interview 
schedule for DSM-IV-child and parent versions. London, UK: Oxford 
University Press.

Silverman, W. K., Kurtines, W. M., Ginsburg, G. S., Weems, C. F., Rabian, 
B., & Serafini, L. T. (1999). Contingency management, self-control, and 
education support in the treatment of childhood phobic disorders: A 
randomized clinical trial. Journal of Consulting and Clinical Psychology, 
67, 675–687. https://doi.org/10.1037/0022-006X.67.5.675

Silverman, W. K., Saavedra, L. M., & Pina, A. A. (2001). Test-retest reli-
ability of anxiety symptoms and diagnoses with the anxiety disorders 
interview schedule for DSM-IV: child and parent versions. Journal of 
the American Academy of Child and Adolescent Psychiatry, 40, 937–
944. https://doi.org/10.1097/00004583-200108000-00016

Skinner, E. A., & Zimmer-Gembeck, M. J. (2016). The development of 
coping from birth to emerging adulthood: Neurophysiological and social 
underpinnings, qualitative shifts, and differential pathways towards psy-
chopathology and resilience. New York, NY: Springer.

Smits, J. A., Rosenfield, D., Otto, M. W., Powers, M. B., Hofmann, S. G., 
Telch, M. J., … Tart, C. D. (2013). D-cycloserine enhancement of fear 
extinction is specific to successful exposure sessions: Evidence from 
the treatment of Height Phobia. Biological Psychiatry, 73, 1054–1058. 
https://doi.org/10.1016/j.biopsych.2012.12.009

https://doi.org/10.1207/S15374424jccp2902_8
https://doi.org/10.1207/S15374424jccp2902_8
https://doi.org/10.1002/da.22132
https://doi.org/10.1002/da.22132
https://doi.org/10.1111/j.1469-7610.1995.tb01300.x
https://doi.org/10.1176/appi.ajp.2015.14081061
https://doi.org/10.1001/archpsyc.62.6.593
https://doi.org/10.1001/archpsyc.62.6.593
https://doi.org/10.1016/j.biopsych.2009.09.003
https://doi.org/10.1016/j.biopsych.2009.09.003
https://doi.org/10.1016/j.biopsych.2006.12.020
https://doi.org/10.1001/jamapsychiatry.2016.3955
https://doi.org/10.1001/jamapsychiatry.2016.3955
https://doi.org/10.1192/bjp.bp.113.126284
https://doi.org/10.1192/bjp.bp.113.126284
https://doi.org/10.1038/npp.2010.92
https://doi.org/10.1038/npp.2010.92
https://doi.org/10.1016/S0005-7967(03)00200-6
https://doi.org/10.4088/JCP.11m07564
https://doi.org/10.4088/JCP.11m07564
https://doi.org/10.1080/16506073.2013.773062
https://doi.org/10.1080/16506073.2013.773062
https://doi.org/10.1016/0005-7967(94)90018-3
https://doi.org/10.1016/0005-7967(94)90018-3
https://doi.org/10.1111/1475-3588.00019
https://doi.org/10.1111/1475-3588.00019
https://doi.org/10.1016/j.brat.2016.10.004
https://doi.org/10.1016/j.brat.2016.10.004
https://doi.org/10.1089/cap.2013.0106
https://doi.org/10.1001/archpsyc.1983.01790100074010
https://doi.org/10.1001/archpsyc.1983.01790100074010
https://doi.org/10.1037/0022-006X.67.5.675
https://doi.org/10.1097/00004583-200108000-00016
https://doi.org/10.1016/j.biopsych.2012.12.009


14 of 14  |     FARRELL et al.

Spence, S. H. (1998). A measure of anxiety symptoms among chil-
dren. Behavior Research and Therapy, 36, 545–566. https:// 
doi.org/10.1016/S0005-7967(98)00034-5

Storch, E. A., Murphy, T. K., Goodman, W. K., Geffken, G. R., Lewin, A. B., 
Henin, A., … Geller, D. A. (2010). A preliminary study of D-Cycloserine 
augmentation of cognitive-behavioral therapy in pediatric obsessive-
compulsive disorder. Biological Psychiatry, 68, 1073–1076. https://
doi.org/10.1016/j.biopsych.2010.07.015

Strauss, C. C., Lease, C. A., Kazdin, A. E., Dulcan, M. K., & Last, C. G. 
(1989). Multimethod assessment of the social competence of chil-
dren with anxiety disorders. Journal of Clinical Child Psychology, 18, 
184–189. https://doi.org/10.1207/s15374424jccp1802_10

Tart, C. D., Handelsman, P. R., DeBoer, L. B., Rosenfield, D., Pollack, 
M. H., Hofmann, S. G., … Smits, J. A. (2013). Augmentation of ex-
posure therapy with post-session administration of d-cycloserine. 
Journal of Psychiatric Research, 47, 168–174. https://doi.org/10.1016/ 
j.jpsychires.2012.09.024

Vigerland, S., Thulin, U., Ljótsson, B., Svirsky, L., Öst, L. G., Lindefors, N., 
… Serlachius, E. (2013). Internet-Delivered CBT for children with spe-
cific phobia: a pilot study. Cognitive Behaviour Therapy, 42, 303–314. 
https://doi.org/10.1080/16506073.2013.844201

Wilhelm, S., Buhlmann, U., Tolin, D. F., Meunier, S. A., Pearlson, G. D., 
Reese, H. E., … Rauch, S. L. (2008). Augmentation of behavior ther-
apy With D -cycloserine for obsessive-compulsive disorder. American 
Journal of Psychiatry, 165, 335–341. https://doi.org/10.1176/ 
appi.ajp.2007.07050776

Wood, J. J., Piacentini, J. C., Bergman, R. L., McCracken, J., & Barrios, V. 
(2002). Concurrent validity of the anxiety disorders section of the 
anxiety disorders interview schedule for DSM-IV: child and parent 
versions. Journal of Clinical Child and Adolescent Psychology, 31, 335–
342. https://doi.org/10.1207/S15374424JCCP3103_05

How to cite this article: Farrell LJ, Waters AM, Oar EL, et al. 
D-cycloserine-augmented one-session treatment of specific 
phobias in children and adolescents. Brain Behav. 
2018;8:e00984. https://doi.org/10.1002/brb3.984

https://doi.org/10.1016/S0005-7967(98)00034-5
https://doi.org/10.1016/S0005-7967(98)00034-5
https://doi.org/10.1016/j.biopsych.2010.07.015
https://doi.org/10.1016/j.biopsych.2010.07.015
https://doi.org/10.1207/s15374424jccp1802_10
https://doi.org/10.1016/j.jpsychires.2012.09.024
https://doi.org/10.1016/j.jpsychires.2012.09.024
https://doi.org/10.1080/16506073.2013.844201
https://doi.org/10.1176/appi.ajp.2007.07050776
https://doi.org/10.1176/appi.ajp.2007.07050776
https://doi.org/10.1207/S15374424JCCP3103_05
https://doi.org/10.1002/brb3.984

